Based on our experiences with medico-legal autopsies, we analyzed traumatic injury of the vertebrobasilar artery (VBA) in traffic accident victims. VBA rupture occurred in six cases with traumatic medullary lesions, but in none with cervical cord injury. A relatively small external force applied to the head or neck can induce isolated traumatic subarachnoid hemorrhage (SAH), which accounts for approximately 11% of fatal head injuries. We examined the relationship between site of impact and site of vascular injury in 16 cases of isolated traumatic SAH. The results showed that the vertebral artery (VA) on the side of impact tended to be longitudinally injured in victims experiencing an external force equivalent to that of a fist punch to the head or face. There was no clear relationship between the site of impact and the site of vascular injury in victims who had sustained an external force greater than that of a fist punch. However, our results suggest that an external force causing rotation of the head was likely to cause tearing of the artery. In cases in which an external force equivalent to that of a fist punch was applied to the head, a raised blood alcohol level was a significant risk factor for artery rupture. Furthermore, a difference in the diameters of the left and right VAs was a risk factor for artery rupture. To determine why the VA, the most frequent site of arterial dissection, is also frequently the site of injury, we histologically examined normal and dissected VBAs. We also discuss medico-legal issues of the causal relationship between external force applied and rupture or dissection of the VA.
Introduction
Traffic accident victims frequently present with traumatic injury of the vertebrobasilar artery (VBA), an injury not frequently encountered by neurosurgeons because of the high mortality. We reviewed results of legal autopsies of traffic accident victims who died of traumatic brainstem lesions. An analysis of the relationship between their traumatic brainstem lesions and traumatic VBA rupture indicated the possible occurrence mechanism. 5) We also reviewed results of legal autopsy cases with isolated traumatic subarachnoid hemorrhage (SAH). A relatively small external force applied to the head or neck caused VBA rupture, resulting in isolated traumatic SAH without brain damage. 7) To investigate the reasons for the high incidence of injury to the vertebral artery (VA), the most frequent site of dissecting aneurysms, we histologically examined normal and dissected VBAs. 12) Based on the results, we discuss the medico-legal issues of the causal relationship between external force applied and rupture or dissection of the VA.
Traumatic Brainstem Lesions and VBA Injury
Traumatic brainstem tear, first described by Lindenberg and Freytag, 10) was initially regarded as an injury due to hyperextension of the head. Brainstem lesions are now recognized as sequelae rather than direct results of trauma. 1) One of the most widely accepted mechanisms of pathogenesis is hyperextension of the neck due to face or forehead impact. 10) Brainstem injuries accompanied by ring fractures of the base of the skull were produced by not only hyperextension or anteflexion but also by torsion or other forces applied to the head. 15) Brainstem lesions are often seen in victims of high-speed car accidents whose face or forehead struck the dashboard or windshield frame. 3, 10, 14, 15) Nine victims of traffic accidents, including eight pedestrians, sustained brainstem and/or upper cervical cord lesions. 9) We also found brainstem lesions primarily in pedestrians involved in traffic accidents.
We reviewed 156 traffic accident deaths that occurred between 1985 and 2000 to determine the morbidity and pathological features of traumatic brainstem lesions as well as to assess the relationship between these lesions and the applied force. 5) Twenty-six (16.7%) of the 156 autopsied traffic accident victims sustained gross primary brainstem injury. These 26 victims included 19 pedestrians, five bicyclists, one automobile driver, and one passenger. In four of the victims with upper face impact and two of the victims with lower face impact, the direct force to the head resulted in neck hyperextension. Among the victims with brainstem lesions (n ＝ 26), there were significantly more individuals older than 40 years, more pedestrians, and more males positive for increased blood alcohol levels than in the control group (n ＝ 130). Males predominated among victims in their 4th and 5th decades of life, but there was no sex difference in victims older than 70 years. Fourteen (74%) of the 19 pedestrians had been hit from behind, including the right-and left-rear sides. In our series, there was a high incidence of traumatic brainstem lesions not only in automobile drivers and passengers but also in males with elevated blood alcohol levels and in elderly pedestrians hit from behind by a vehicle. Our results showed the possibility that traction force attributed to head inertia is crucial in producing brainstem lesions in pedestrians hit by a vehicle traveling at high speed.
Of 16 victims with medullary lesions, eight had atlanto-occipital dislocations/transections and three had C1-2 forward dislocations/transections. The types of brainstem lesion were pontomedullary avulsion in two cases, pontomedullary tears in four cases, and lower medulla avulsion in two cases among the eight cases of atlanto-occipital dislocations/transections, and pontomedullary avulsion in one case, pontomedullary tear in one case, and lower pons avulsion in one case among the three cases of C1-2 forward dislocations/transections. All seven victims with cervical cord lesions had high cervical dislocations/transections that corresponded to the level of their cord lesion.
VBA rupture occurred in six of the 16 victims with medullary lesions. There were no cases with cervical cord lesions. Basilar artery (BA) rupture was seen in six victims, one of whom sustained bilateral VA rupture. None of the victims with brainstem lesions suffered VA rupture without BA rupture.
Five of the six victims who suffered VBA rupture had atlanto-occipital dislocations/transections and one had C1-2 forward dislocations/transections. VBA rupture was accompanied by medullary lesion in 38% of cases. VBA rupture was rarely seen in cases in which the brainstem was torn or avulsed. The VBA had stronger compliance than the brainstem, and the VA had stronger compliance than the BA.
Isolated Traumatic SAH
In the field of legal medicine, the possible induction of SAH by a relatively small external force applied to the head or neck is known as isolated traumatic SAH, and isolated traumatic SAH is mainly due to VBA rupture (Figs. 1 and 2). 2, 4, 11, 17) However, it is not Traumatic Injury of VBA clear whether external or internal factors are responsible for the mechanisms as well as the artery dissection that sometimes occurs suddenly in the region of the VBA. Artery rupture is a more severe injury than artery dissection. We speculated that analysis of cases of isolated traumatic SAH could shed light on these mechanisms. We therefore examined fatalities due to isolated traumatic SAH 7) among 1,008 medico-legal autopsies performed at Fukushima Medical University between 1983 and 1999. In 169 (17%) of these 1,008 cases, death was due to head injury, and 14 (8.3%) of the 169 deaths were attributed to isolated traumatic SAH. Excluding the 38 victims whose head was run over by a vehicle, isolated traumatic SAH accounted for 11% (14/131) of fatal head injuries. We investigated the relationship between site of impact and site of vascular injury in 16 cases, including 12 cases with autopsies performed at Fukushima Medical University and four cases with autopsies performed in the Division of Forensic Medicine, Tohoku University. We found that the VA on the side of impact tended to be longitudinally injured in victims who had been subjected to an external force equivalent to that of a fist punch to the head or face (Fig. 3) . Although there was no clear correlation between the impact site and the site of vascular injury in cases in which the external force was greater than that of a fist punch, our results suggest that an external force causing head rotation could lead to tearing of the artery. We confirmed that the blood alcohol level at the time of application of an external force equivalent to that of a fist punch to the head or face is a significant factor in the likelihood of artery rupture. Another risk factor for arterial rupture is a difference in the diameters of the left and right VAs ( Table 1) .
The review article by Haldeman et al. 6) regarding VBA dissections or occlusions is instructive. They reported that dissection was spontaneous in 43% of their cases and due to cervical manipulation in 31%, trivial trauma in 16%, and major trauma in 10%. Rotation is the most common cervical spinal manipulation procedure used by chiropractors, and the largest number of dissections would be expected to occur after rotational manipulation. These findings agree with our results showing that an external force causing head rotation could lead to tearing of the artery.
We histologically examined normal VAs to determine why the VA is frequently the site of rupture and dissection.
Histology of the Normal VBA
Although the VA is the most common site of dissecting aneurysms, 18) there have been few studies on the histology of the normal VA to clarify the underlying etiologic mechanisms. 8, 16) We therefore studied the presence, absence, and distribution of the internal elastic lamina (IEL), and the condition of the intima at the site of IEL defects. 12) Materials were obtained from 10 autopsy cases, and 20 VAs were examined histologically. The excised VA from the extradural to the intracranial segment was cut at 5-mm intervals, and each segment was fixed in formalin and embedded in paraffin. Twenty serial sections, 4 mm in thickness, were prepared from each segment, stained for elastic fibers by elastica Masson stain, and examined under a light microscope.
IEL defects (Fig. 4) were observed at 35 sites in 11 vessels from six subjects aged 51 years or older, but none in the four subjects aged 35 years or younger. In the normal VAs, IEL defects were frequently observed in the extradural portion and near the division of the posterior inferior cerebellar artery Since we were not sure whether IEL defects were specific to the VA, we also examined the BA. Materials were obtained from 21 autopsy cases without organic brain disease. A 2-year-old boy who had drowned had an IEL defect at the basilar bifurcation, and a 55-year-old man had an IEL defect at two sites near the VA junction. Overall, we detected 32 IEL defects in 21 normal BAs, which is similar to the rate reported by us for normal VAs. 12) IEL defects in normal BAs were frequently located near the VA junction and the BA bifurcation.
Histology of the Dissected VA
Our series included two victims with VA dissection. One of these victims was a 55-year-old man who had no relevant past medical history. He was the driver of a car that had fallen into a river. He was found dead in the car, and a legal autopsy was performed approximately 6 hours after death. The cause of death was drowning. There were no gross VA abnor- 
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Traumatic Injury of VBA malities (Fig. 5A ). Vascular blocks were prepared at 5-mm intervals, and sections from each block were examined under a light microscope. Dissection with an opening was noted in the right VA (Fig. 5B-D) . Fibrin was attached to the lumen of dissection; however, as no collagen fiber proliferation was noted, the dissection was considered to be new. IEL defects were present at 17 sites in the bilateral VAs. In cross-sections showing the dissected lumen, there were many extensive IEL defects at sites distant from the dissected lumen. In other cross-sections, we also noted IEL defects; there was little intimal thickening at these sites.
Another victim with dissection of the VA was a 37-year-old man with a history of hypertension but no history of trauma. He was transported to our hospital complaining of sudden onset of pain in the head and neck and vomiting. His consciousness was clear at admission and no obvious motor paralysis was noted. Computed tomography showed diffuse SAH, and angiography revealed``pearl and string'' sign in the right VA at the origin of and distal from the PICA (Fig. 6A) . The diagnosis was dissecting aneurysm of the right VA and surgery was performed. The VA distal to the branching-off of the PICA was clipped and the dissected lumen on the heart side of the branching-off of the PICA was clamped with two fenestrated clips (Fig. 6B) . However, he died 5 days after surgery due to rebleeding. Autopsy findings were rupture of the IEL, media, and adventitia of the VA at point F on the heart side of the branching-off of the PICA. Fibrin deposits and neutrophil infiltration were observed in the vascular wall around the site of dissection, suggesting that some time had lapsed since the occurrence of dissection and that the initial hemorrhage had occurred at onset near point F. There was an intramural hematoma between the media and adventitia on the heart side of the dissection site, and part of the adventitia of the hematoma lumen had ruptured (Fig. 6F) . The hematoma near the dissection site showed fresh pathological features and death was thought to be due to hemorrhage from the dissection site. All components of the vascular wall near the entry of the dissected lumen had been lost at rupture, and no evidence for the cause of the dissection could be obtained. IEL defects were noted at point D around the dissected lumen, the IEL was absent sporadically in the contralateral VA, and six defects were detected in this case.
Discussion
It is currently accepted in the field of legal medicine that neither predisposition nor physiologic changes due to aging should be taken into consideration in damage claims. For example, if an aged person with unsteady gait falls down due to slight contact with a pedestrian and sustains a head injury, the victim is not responsible for the unsteady gait. IEL defects frequently occur with aging. If someone causes an accident that results in vascular injury in a victim, there is legal responsibility even if the victim had a pre-existing IEL defect. On the other hand, proportional judgment of the causal relationship is now widely accepted. According to this concept, if a person with a pre-existing arterial aneurysm or dissection suffers arterial rupture as a consequence of the action of an accidental external force, this is considered a mitigating factor.
A case reported by Schuster et al. 13) is instructive. A 16-year-old boy who was struck in the back of the head by a baseball lost consciousness for 5 minutes, regained consciousness for a short period, and then became comatose. On admission, his Glasgow Coma Scale score was 3. This is an illustration of non-accountability for the victim's pre-existing diathesis. However, if the initial angiogram had not been obtained and the angiographic study performed 72 hours after the accident had revealed an aneurysm, what conclusion should be drawn?
The assessment of causal relationships in accident victims with head injuries is important in both civil and criminal cases. It is very difficult to judge causal relationship if there is a time lag between the time of the accident and the rupture or occlusion of a dissected artery. The risk of vascular rupture or dissection by accidental delivery of an external force to the head or face of victims must be considered in the assessment of causal relationships.
